Introduction: Intraoperative nerve monitoring is used in otolaryngology to assist in identification of nerves at risk. It is hoped that this will lead to lower rates of nerve injury. The objective of this study was to quantify the use of monitoring technology in current clinical practice. Method: An electronic survey was distributed to 376 registered fellows of the Australian Society of Head and Neck Surgery. Results: One-hundred and twenty-five responses were obtained. The majority of respondents report using monitoring at least some of the time during thyroid, parotid, and mastoid surgery (80%, 87%, and 73% respectively). Predictors of use include experience with intraoperative monitoring during training, and high caseloads in parotid surgery. Practice setting did not predict use. Conclusion: Despite equivocal evidence that intraoperative nerve monitoring is associated with a reduction in nerve injuries, this study demonstrates that the technology is widely used amongst otolaryngologists.
Introduction
Nerve injury is a serious complication of thyroid, parotid, and mastoid surgery. Damage to the recurrent laryngeal nerve (RLN) during thyroid surgery can result in voice change, aspiration, and airway compromise. Current literature states the rate of permanent RLN paralysis as 0.5% -5%, and higher in revision cases [1] [2] [3] [4] [5] [6] [7] . The facial nerve is at risk in both parotid and mastoid surgery. Injury can result in impaired eye closure, which can lead to corneal ulceration and consequent blindness, as well as cosmetic compromise. The published rate of permanent nerve palsy is 0.1% -1% in mastoid surgery [8] [9] [10] and 1% -2% in parotid surgery [11, 12] .
Avoidance of intraoperative nerve injury is of paramount importance in order to reduce patient morbidity. In addition, both RLN and facial nerve paralysis are common reasons for litigation following otolaryngology surgery [13, 14] .
Various techniques have been described to identify nerves at risk. Whilst it is generally accepted that direct visualisation of the nerve is the gold standard, intraoperative nerve monitoring is being used increasingly as an adjunct to help identify the nerve. The use of intraoperative nerve monitoring has been previously reported in the UK and USA [15] [16] [17] [18] . To date, no such literature exists to describe practice in other parts of the world. As with many new technologies, the prevalence of nerve monitoring has changed over time. The aim of this study was to determine current usage patterns for intraoperative nerve monitoring and, therefore, inform the surgical community regarding current clinical practice.
Methods
Ethics approval was obtained from the Western Australian South Metropolitan Area Health Service Human Research Ethics Committee. An electronic questionnaire was designed using SurveyMonkey TM software (http:// www.surveymonkey.com/). The survey focused on prevalence and predictors of intraoperative nerve monitoring in thyroid, parotid, and mastoid surgery. Questions encompassed surgeon demographics and training background, current practice setting and caseload, attitudes towards intraoperative nerve monitoring and use of this technology (Appendix 1). An email containing a link to the online survey was sent to all fellows of the Australian Society of Head and Neck Surgery (ASOHNS) using ASOHNS membership data. The survey was available for completion over a period of five weeks, with a reminder email sent after three weeks had elapsed. Deidentified results were collected in a centralised database available via the SurveyMonkey TM platform. Proportional statistics were calculated using the Wald method to obtain normal approximation intervals. Strength of association between the use of monitoring devices and the dependant variables of training, practice setting, and caseload were quantified with odds ratios. Data was processed using Microsoft Excel TM software.
Results
Surveys were distributed to all 376 registered fellows of ASOHNS and 125 completed responses were received, representing a 33% response rate.
Demographics
Duration of ASOHNS fellowship ranged from less than 12 months to 50 years, with a mean of 17 years. With regards to practice setting, 96 respondents worked in both public and private, 20 worked in private only, and 9 worked in public only.
Usage Patterns
Forty-five respondents stated that they regularly performed thyroid surgery, 84 performed parotid surgery, and 112 performed mastoid surgery. Surgeons who reported performing each type of surgery were questioned on their annual caseload (Figure 1 ) and use of intraoperative nerve monitoring (Figure 2 
Predictors of Use
Surgeons were questioned regarding their training background and current clinical practice to determine whether these factors influenced the use of intraoperative nerve monitoring ( Table 1) . Experience with intraoperative nerve monitoring during training was common; 12% of respondents had used it routinely (15/125 = 0.12; 95% CI 0.06 -0.18), 60% had used it sometimes (75/125 = 0.60; 95% CI 0.51 -0.69); and only 28% (35/125 = 0.28; 95% CI 0.20 -0.36) had never used monitoring during training.
Respondents were significantly more likely to use the technology in their current clinical practice if they had used it in training. This was true for those performing thyroid surgery (odds ratio [OR] 13.60; P < 0.001), parotid surgery (OR 4.24; P = 0.03), and mastoid surgery (OR 4.37; P < 0.001). Usage was also compared between high caseload surgeons (those performing greater than 50 cases per year) and low caseload surgeons (those performing fewer than 50 cases per year). High caseload was found to be a predictive factor for mastoid surgeons (OR 36.00; P < 0.001) but not for thyroid or parotid surgeons. Public versus private practice setting did not predict use.
Rationale for Monitoring
Surgeons were questioned on their reasons for using intraoperative nerve monitoring (Figure 3) . The most common reasons given were to increase safety, to help identify the nerve, and medico-legal protection.
Discussion
The primary purpose of intraoperative nerve monitoring is to reduce the risk of inadvertent nerve injury. Nerve monitoring may provide early warning of excessive retraction or pressure on the nerve, as well as aid in its localisation. In reality, evidence for a reduction in nerve injury rates with intraoperative monitoring is equivocal. In the case of thyroid surgery, numerous studies have examined the rate of transient and permanent RLN palsy with and without monitoring. Whilst some have shown small benefits in specific subgroups [5, 6] , none have found an overall statistically significant difference between nerve injury rates in monitored and unmonitored cases [4] [5] [6] [19] [20] [21] [22] [23] . The largest review of the literature is that performed by Higgins et al. in 2011 . This meta-analysis of 47 clinical trials evaluated a total 64,699 nerves at risk and found that monitoring made no difference to the rate of transient or permanent RLN paresis [7] .
The evidence for the benefit of intraoperative nerve monitoring in parotid surgery is stronger. Makeieff et al. found, in the setting of parotidectomy for recurrent pleomorphic adenoma, monitoring led to significantly lower rates of facial nerve paresis in the monitored group [24] . In addition, operating time was shorter in the monitored group. Terrell et al. found a significant reduction in temporary paresis rates amongst monitored patients undergoing parotidectomy, but no difference in permanent paresis [25] . Reilley et al., however, found no such association [26] .
Literature examining the use of monitoring in mastoid surgery is scarce. Anecdotal evidence suggests it may assist in nerve identification [27, 28] . Whether this translates into a decreased rate of nerve injury remains unclear. Another potential benefit of intraoperative nerve monitoring is a reduction in operating time, particularly in revision cases in which nerves can be difficult to identify. This is offset by the increased time taken to set up the device. Other disadvantages include the cost associated with the monitor and a small risk of harm to the patient. Haenggeli reported three cases of facial skin burns during facial nerve monitoring in parotidectomies [29] . There is a theoretical risk of neuropraxia as occurs with direct nerve stimulation; however, this has not been observed in continuous nerve monitoring [30] . Perhaps most importantly, there is a fear that overreliance on intraoperative nerve monitoring can lead to complacency.
Despite a lack of evidence for its use, intraoperative nerve monitoring has been widely adopted by otolaryngologists. Hopkins [17] . In contrast, Sturgeon et al. surveyed 117 endocrine surgeons (mostly general surgeons performing thyroid surgery) and found only 37% used intraoperative nerve monitoring [18] .
The findings of this survey reveal a large uptake of intraoperative nerve monitoring technology amongst Australian otolaryngologists who answered this survey. Eighty percent of respondents performing thyroid surgery use monitoring at least some of the time (+/−12%), in parotid surgery this figure is 87% (+/−7%), and in mastoid surgery it is 73% (+/−8%). In the case of thyroid and mastoid surgery, this is a higher usage rate than that reflected by the UK and USA studies [15, 17, 18] . In the case of parotid surgery, it is a similar rate to that described in the UK study and higher than that described in the US study [15, 16] . It should be noted that the abovementioned studies were published between two and 10 years ago, and our reported rates may reflect the changing attitudes towards intraoperative nerve monitoring and its availability to surgeons.
Use of intraoperative nerve monitoring during training was found to be a predictor for use as a consultant surgeon. This suggests that surgeons are more likely to use monitoring if they have a familiarity with the technology. Although there is no conclusive evidence for or against intraoperative nerve monitoring, it is believed by many surgeons to be a useful adjunct. Therefore, it is desirable that surgical trainees gain experience in the use of intraoperative monitoring so that they can employ it when they feel it is indicated.
There has been no medicolegal precedent mandating the use of this technology. However, there is a strong perception that usage may limit the liability of the surgeon in the unfortunate event of nerve damage. This attitude is reflected in the survey responses to the question "why do you use intraoperative nerve monitoring?" to which 51% of respondents replied "for medicolegal protection". Whether or not this belief is true comes down to the issues of "standard of care" with respect to that particular surgery. "Standard of care" is defined by Angelos as "the attention, caution, or prudence that another comparable physician would provide in caring for a patient in a similar circumstance" [31] . Interestingly, the results show that many more respondents consider monitoring to be the standard of care for parotid and mastoid surgery (32% and 37% respectively) than do for thyroid surgery (15%). As there has been no studies showing a benefit in reducing the rate of nerve damage it cannot be considered the standard of care. However, the awareness of this technology, and the recognition of its increasing use amongst peers, may lead to a perception of its acceptance as the standard of care.
A notable limitation of this survey was the low response rate. This is a common limitation of voluntary surveys and for this reason a reminder email was sent during the data collection phase. Despite this, our response rate was less than that of the other survey-based studies examined [15] [16] [17] [18] . As a consequence of this limitation, the results may be confounded by selection bias. For example, those surgeons who regularly use intraoperative nerve monitoring may have been more likely to respond and share their experience. Furthermore, this study was distributed by email and it is possible that surgeons who use nerve monitoring are more comfortable with technology and hence more likely to complete an online survey. The advantages of this survey format are reduction in data handling errors and faster processing of results.
Conclusion
This survey was performed to determine current clinical practice patterns with regards to use of intraoperative nerve monitoring. The results reveal that the vast majority of consultant surgeons in Australia have adopted the technology for at least some of their cases. This is true for thyroid, parotid, and mastoid operations. These results are clinically significant because of the theoretical reduction in risk of inadvertent nerve injury associated with use of nerve monitoring devices. Although there is no conclusive evidence supporting this theory, the high usage rates demonstrated by this survey suggest that consultant surgeons find the technology helpful. It is therefore hoped that increased use of intraoperative nerve monitoring will be associated with improved patient outcomes. As a cautionary note, it must be emphasised that these devices do not compensate for poor surgical technique. Visual nerve identification will continue to be the gold standard for preventing intraoperative nerve damage. 
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